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PREFACE 


This  report  is  written  to  record  selected  d^ta  from  fire  control 
work  connected  with  a large  caliber  gun  (alr-to-surface)  study.  An  in- 
formal and  sometimes  outlli\e  format  is  used  for  convenience  and  to  min- 
imize report  preparation  time  and  cost. 

This  limited  fire  control  study  was  directed  towards  identifying 
problem  areas  and  a more  promising  fire  control  system  for  this  appli- 
cation. The  primary  risk  of  developing  the  required  very  accurate  fire 
control  is  in  (a)  keeping  system  accuracy  in  the  service  (particularly 
combat)  environment  and  (b)  the  probability  of  this  in-service  accuracy 
requirement  leading  to  a high  lifecycle  cost. 
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INTRODUCTION 


Figure  1 shows  the  coordinate  system  used  In  this  report.  Notation, 
with  units  normally  used  are  as  follows: 

a angle  of  attack,  mils 

g angle  of  skid,  mils 

6 initial  gun  projectile  angle,  degrees 
9 pitch  angle,  degrees 

roll  angle,  degrees 
gravity  drop  angle,  mils 

X elevation  lead  angle  (aircraft  coordinates),  mils 

e 

X azimuth  lead  angle  (aircraft  coordinates),  mils 

a 

p air  density,  equivalent  pressure  altitude  in  feet 
V gun  angle  relative  to  aircraft  axis  (elevation),  mils 

p gun  angle  relative  to  aircraft  axis  (azimuth),  mils 

u target  LOS  Inertial  angular  rate  (elevation),  mils  per  sec 

e 

target  LOS  inertial  angular  rate  (azimuth),  mils  per  sec 

D projectile  deacceleration,  ft  per  sec  per  sec 

R slant  range  to  target,  feet 

muzzle  velocity,  ft  per  sec 

true  air  speed,  knots 

t£  time  of  flight  of  weapon,  seconds 

horizontal  rangewlnd  and  target  motion,  knots 

W horizontal  crosswind  and  target  motion,  knots 
c 
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Figure  1. 
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In  air-to-surface  gun  fire  control  major  factors  which  can  cause 
errors  are  listed  below. 

1.  Alignment 

a.  gun-sight  boresight 

b.  sensor  boresight 

c.  parallax 

2.  True  airspeed  effects 

a.  as  effective  initial  velocity  direction  change 

b.  magnitude  effect  on  gravity  drop  and  time  of  flight 

3.  Gravity  drop  computation  (or  estimation) 

a.  alant  range 

b.  dive  angle 

c.  air  density 

d.  muzzle  velocity 
a.  true  airspeed 

f.  drag  coefficient  (and  variation) 


.a.. 
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g.  roll  resolution  into  sight  coordinates 

4.  Wind  and  target  motion 

a.  time  of  flight  accuracy  (dependence  functionally  similar 
to  gravity  drop) 

b.  angular  rate  of  target  LOS 

c.  range  rate 

d.  true  airspeed  (magnitude  and  direction) 

e.  Inertial  velocity  (for  wind  only) 

5.  Miscellaneous  factors 

a.  pilot  aim  error 

b.  sight  unit  error 

c.  computer  and  interface  errors 

d.  other 


In  this  report,  except  where  specified  otherwise,  a gun  system  hav- 
ing approximately  the  muzzle  velocity  and  projectile  characteristics  of 
l'  ' the  Rifle,  106mm,  M40  firing  standard  ammunition  is  assumed.  Appendix 

I A gives  the  approximate  ballistic  data  used  in  the  error  analysis  and 

I Appendix  B gives  data  more  firmly  based  on  the  above  round.  The  varia- 

i tlon  between  these  two  sources  is  minor  and  does  not  affect  the  error 

I analysis.  In  an  actual  system,  of  course,  the  true  ballistic  character- 

I istic  must  be  known  very  accurately. 

I Figures  2-5  show  in  block  diagram  form  five  candidate  fire  control 

I systems.  Brief  comments  on  these  are  given  below.  Later  sections  give 

j a preliminary  sensitivity  error  analysis  on  two  selected  concepts  (The 

( first  is  chosen  to  give  a general  feel  for  the  problem  and  the  last  is 

; directed  toward  specific  problems  of  the  more  likely  candidate  scheme.). 

; Figure  2.  This  block  diagram  represents  two  concepts.  The  first 

( accounts  for  only  angle  of  attack  (and  perhaps  skid)  effects  on  direc- 

I tlon  of  the  effective  firing  line.  The  second  system  would  add  gravity 

; drop  based  on  baro-altitude,  target  altitude,  angles,  air  density,  and 

i true  airspeed.  The  latter  would  be  the  least  expensive  approach  to  give 

! a full  continuously  computed  impact  point  (CCIP)  solution.  It  would  not 

' Include  wind  or  target  motion  and  would  require  target  altitude  and  at- 

mospheric knowledge  not  generally  known  in  changing  combat  conditions. 

j ^ Figure  3.  Here  laser  range  replaces  baro-ranging.  Additionally  a 

i wind  and  target  motion  solution  can  be  obtained  by  using  the  gyro  sta- 

j billzed  laser  pointing  platform  in  a lead  computing  circuit.  The  accu- 

I racy  of  this  wind  solution  depends  on  the  pilot-aircraft  tracking  preci- 

! aion  and  time.  While  this  crosswind  lead  computing  has  given  acceptable 


i 
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accuracy  for  short  times  of  flight  (short  range,  high  velocity,  low  drag), 
it  is  not  suitable  for  extremely  accurate  systems. 

Figure  4.  The  addition  of  an  automatic  target  tracker  to  furnish 
accurate  angular  rate  data  (as  well  as  angles)  gives  the  necessary  infor- 
mation to  use  with  laser  slant  range  (and  other  data)  to  compute  wind 
and  target  motion  effects  and  thus  the  complete  fire  control  solution. 

Only  the  variation  in  wind  over  the  flight  path  is  unaccounted  for  in 
this  concept,  and  if  the  projectile  drag  is  designed  tc  be  low  this  wind 
variation*  (unlike  wind  at  release)  is  a relatively  small  effect. 

Figure  5.  Doppler-inertial  velocity  can  be  'used  to  compute  wind 
effect — but  not  target  motion.  The  wind  information  is  there  continu- 
ously (if  there  was  time  to  align  the  platform) . If  this  navigation 
and  vertical  information  is  available  on  the  aircraft  it's  very  stable 
data  should  be  utilized  even  if  an  autotracker  is  also  Included. 


The  wind  does  often  vary  by  large  amounts  over  the  flight  path  (par- 
ticularly at  NWC,  see  Appendix  C).  Thus  the  projectile  must  be  designed 
to  have  low  drag  characteristics  for  use  with  any  extremely  accurate 
fire  control. 
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Figure  5.  FIRE  CONTROL  SYSTEM 
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FIRST  ORDER  ERROR  ANALYSIS  - GENERAL  CASE 
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The  error  analysis  of  this  section  is  intended  to  show  what  sensors 
and  quantities  are  tl>e  more  critical  factors  in  this  application  of  gun 
fire  control.  As  a basis  for  discussion  a system  such  as  shovni  in  Fig- 
ure 3 was  used;  however,  no  (lead  computing)  wind  solution  is  included. 

Table  1 gives  m.ijor  first  order  error  sensitivities.  Not  included 
are  computer  error,  interface  errors,  uncertainty  of  ballistic  computa- 
tion, etc.  Table  2 applit's  T.ible  1 to  a hypothetical  system  case.  The 
assumed  errors  are  total  quantity  errors  whether  bla.«  or  random.  Con- 
cise comments  on  various  inaccuracies  and  the  use  of  the  Tables  1 and  2 
follow:  (L'ith  tew  exceptions  the  cojmr.ents  apply  to  Tables  3,  4,  and  5 

of  the  next  section.). 

Gun  boresight  is  present  in  any  gun  system.  Tlie  error  ratio  varies 
from  1:1  depending  on  the  muzzle  velocity  and  aircraft  speed. 

Angle  of  attack  error  include  boresight  and  corrections  to  convert 
local  sensor  angle  to  aircraft  angle  of  attack  as  veil  as  pure  sensor 
error.  The  magnitude  of  lead  error  depends  dirocsly  on  the  magnitude 
of  muzzle  velocity  and  the  airspeed,  .ingle  of  atiack  (and  skid)  is  a 
difficult  quantity  to  measure  accurately  both  in  general  flight  and  in 
flight  calibration  tests.  Table  2 assumes  the  aircraft  is  very  stable 
in  yaw,  and  not  requiring  measurement.  Thus  in  tils  type  of  a system 
the  pilot  should  not  skid  the  aircraft  to  correct  aim  error. 

Slant  range  error  includes  pointing  error,  etr.  In  theory  laser 
range  can  be  better  than  shown  in  Table  2,  however,  it  is  not  needed 
here. 

In  gun  fire  control  pitch  angle  is  not  a critical  fcctor,  however, 
for  large  lead  angles  roll  errors  can  result  in  rasderate  error  in  azi- 
muth due  to  incorrect  roll  resolution.  Often  use£  flight  maneuvers  in 
test  and  repeated  attacks  can  result  in  large  roll  error  in  the  stan- 
dard type  vertical  references.  Proper  flying  to  jrevent  this  is  neces- 
sary. 

Air  density  is  not  a major  problem  as  long  as  its  measurement  is 
inc luded . 

Baring  major  air  flow  problems,  true  airspeed  measurement  is  not  a 
major  problem.  (True  airspeed  is  somewhat  more  sensitive  a measurement 
in  Tables  3,  4,  and  5.) 
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If  major  errors  are  eliminated,  muzzle  velocity  can  cause  a sizable 
error.  It  Is  particularly  important  in  computinR  time  of  flight.  In- 
cluded In  this  error  are  effects  of  barrel  wear,  barrel  temperature, 
propellant  variations,  etc. 

Variation  In  or  Incorrectly  used  drag  characteristics  have  also  a 
major  affect  on  on  time  of  flight,  and  thus  many  second  order  effects. 
The  gravity  drop  is  little  affected. 

Wind  (at  aircraft  position)  and  target  motion  that  is  not  Included 
in  the  lead  computation  causes  an  error  directly  proportional  to  time 
of  flight.  This  is  not  only  a large  error  souice,  but  also  gives  a bias 
type  error. 

HUD  errors  are  often  two  or  three  mils;  however,  here  it  is  assumed 
only  limited  angles  arc  used  and  that  the  sight  (e.g.  electromechanical 
servoed  type)  can  be  calibrated  to  a mil  or  so. 

Pilot  aim  can  be  almost  any  value  depending  on  experience,  wind 
gusts,  aircraft,  combat  conditions,  etc.,  etc.  On  test  range  the  ave- 
rage can  be  abotit  three  mils. 
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BASIC  SYSTEM 

(Error  Required  to  Cause  one  Milliradlan  Lead  Angle  Error]* 


CONDITION  (400  Knots  & -*■ 

10V3000  Ft 

25V6000  Ft 

45V7500  Ft 

Error  Source,  Units  + 

Elevation 

Gun  Boresight,  v,  ntlls 

1.4 

1.4 

1.4 

Angle  of  Attack,  a,  mils 

3.4 

3.4 

3.4 

Slant  Range,  R,  feet 

220 

160 

170 

Pitch  Angle,  5,  degrees 

25 

4.2 

1.9 

Density,  P,  1000  ft  p.  altitude 

14 

2.6 

1.9 

True  Airspeed,  v , knots 

63 

26 

24 

Muzzle  Velocity,  V , fps 

Drag  Variation,  D,  percent 

100 

43 

40 

83 

8.0 

5.7 

Rangewind^,  W , knots 

6.3 

2.2 

1.3 

HUD,  X , mlls^ 

1 

1 

1 

AIM,  X®,  mils 
e 

1 

1 

1 

Az imuth 

Gun  Boresight,  P,  mils 

1.4 

1.4 

1.4 

Angle  of  Skid,  B,  mils 

3.4 

3.4 

3.4 

Crosswind^,  W , knots 

1.2 

1.0 

0.9 

Roll  Angle,  0,  degrees 

5.3 

2.3 

2.1 

HUD,  X , mils 

1 

1 

1 

AIM,  X®,  mils 

1 

1 

1 

Table  1.  Inverse  Lead  Angle  Error  Sensitivities . *More  correctly 
the  inverse  of  the  sensitivitios,  ‘■wind  includes  target 
motion,  no  vertical  wind  is  assumed. 
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BASIC  SYSTEM 

CONDITION  (AOO  Knots  & -*• 

10V3000  Ft 

25V6000  Ft 

45V7500  Ft 

i 

Error  Source  + 

' 

Elevation 

Gun  Boresiglit , 1 mil 

0.7 

0.7 

0.7 

Angle  of  Attack,  8 mils 

2.4 

2.4 

2.4 

f. 

Slant  Range,  30  feet 

0.1 

0.2 

0.2 

Pitch  Angle,  1 degree 

0.0 

0.2 

0.5 

Density,  iOO  ft  p.  altitude 

0.0 

0.0 

0.1 

True  Airspeed,  5 knots 

0.1 

0.2 

0.2 

Muzzle  Velocity,  25  fps 

0.2 

0.6 

0.6 

Drag  Variation,  2 percent 

0.0 

0.2 

0.3 

Rangewlnd*,  10  knots 

1.6 

4.5 

7.9 

HUD,  1 mil 

1.0 

1.0 

1.0 

Pilot  Aim,  3 mils 

3.0 

3.0 

3.0 

Az Imuth 

, : 

Cun  Boreslght,  1 mil 

0.7 

0.7 

0.7 

Angle  of  Skid,  4 mils 

1.2 

1.2 

1.2 

Crosswind*,  10  knots 

8.5 

10.1 

11.0 

Roll  Angle,  1 degree 

0.2 

0.4 

0.5 

HUD,  1 mil 

1.0 

1.0 

1.0 

Pilot  Aim,  3 mils 

3.0 

3.0 

3.0 
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FIRST  ORDER  ERROR  ANALYSIS  - ANGULAR  RATE  CASE 


If  accurate  target  LOS  Inertial  angular  rate  and  LOS  slant  range  is 
available  two  of  the  major  errors  discussed  in  the  last  section — angle 
of  attack  (and  skid)  and  wind  and  target  motion  arc  nearly  eliminated. 

Of  course,  an  error  dependence  on  angular  rate  and  a change  in  other 
error  sensitivities  occurs.  Table  3 and  4 shows  the  results  of  this 
type  fire  control  concept. 

The  primary  error  sources  in  an  autotrack  system  for  a fixed  forward 
gun  are:  (1)  boresight,  particularly  between  HUD  and  gun;  (2)  HUD  pip 
placement;  and  (3)  pilot  aim. 

1 

The  HUD  error  can  be  eliminated,  the  aim  error  reduced,  and  the  bore- 
sight  made  an  easier  task  by  using  a direct  (mechanical  and/or  optical)  | 

coupling  between  a trainable  gun  and  the  autotracker.*  This  allows  the 
pilot  (or  observer)  to  lock  the  tracker  on  the  target  and  the  gun  aimed 
Independently  of  small  aircraft  steering  variations.  If  extreme  accuracy 
(l.e.  a few  mils)  is  required  this  approach  is  the  most  feasible  concept  | 

for  the  gun-fire  system.  (Table  5).  More  comments  on  this  are  in  a j 

later  section.  i 


With  a fixed  gun  the  effect  of  the  HUD  errors  and  the  pilot  aim  error 
can  be  decreased  by  firing  automatically  (if  the  trigger  is  depressed) 
as  the  elevation  lead  angle  is  approached.  This  lets  the  pilot  concen- 
trate on  azimuth  steering.  (The  tracker  must  be  locked  on  the  target.) 
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AUTOTRACKER- LASER  SYSTICM 

[Error  Required  to  Cause  One  Mllllradian  Lead  AnR.le  Error]' 


CONDITION  (400  Knots  & -v 


Error  Source,  Units  i 
Elevation 

Gun  Boresight,  v,  mils 
Angle  of  Attack,  a,  mil 
Slant  Range,  R,  feet 
Pitch  Angle,  5,  degrees 
Density,  p,  1000  ft  p.  altitude 
True  Airspeed,  v , knots 
Muzzle  Velocity, , fps 
Drag  Variation,  D,  percent 
Range  Rate,  R,  fps 
Angular  Rate,  u , mlls/sec 
HUD,  X , mils  ® 

AIM,  X®,  mils 

Azimuth 

Gun  Borcsight,  p,  mils 
Angle  of  Skid,  g,  mils 
Roll  Angle,  0,  degrees 
Angular  Rate,  bo  , mlls/sec 
HUD,  X , mils  ^ 

AIM,  X®,  mils 

A 


10V3000  Ft  25‘’/6000  Ft  45''/7500  Ft 


\ 


1.4 

1.4 

1.4 

20 

25 

30 

310 

250 

233 

25 

4.2 

1.9 

14 

2.6 

1.9 

74 

11 

7.3 

100 

43 

40 

83 

8.0 

5.7 

110 

36 

25 

0.66 

0.28 

0.21 

1 

1 

1 

1 

1 

1 

1.4 

1.4 

1.4 

0.0 

0.0 

0.0 

1.2 

1.0 

0.9 

0.66 

0.28 

0.21 

1 

1 

1 

1 

1 

1 

Table  3.  Inverse  Lead  Anglo  Error  Sensitivities.  'More  correctly 
the  Inverse  of  the  sensitivities. 
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AltTOriC\CKi:R-USKR  SYSTEM 


CONDITIONS  <400  Knots  & -► 

lovaooo  Ft 

25*/6000  Ft 

45*/7500  Ft 

Error  Source  * 

Elevation 

Gun  Boresight , 1 mil 

0.7 

0.7 

0.7 

Angle  of  Attack  8 mils 

0.3 

0.3 

0.3 

Slant  Range,  30  feet 

0.1 

0.1 

0.1 

Pitch  Angle,  1 degree 

0.0 

0.2 

0.2 

Density,  100  ft  p.  altitude 

0.0 

0.0 

0.1 

True  Airspeed,  5 knots 

0.1 

0.5 

0.7 

Muzzle  Velocity,  25  fps 

0.2 

0.6 

0.6 

Drag  Variation,  2 percent 

0.0 

0.2 

0.3 

Range  Rate,  30  fps 

0.3 

0.8 

1.2 

Angular  Rate,  1/4  ml 1/sec 

0.4 

0.9 

1.2 

HUD,  1 mil 

1.0 

1.0 

1.0 

Pilot  Aim,  3 mils 

3.0 

3.0 

3.0 

Azimuth 

Gun  Boreslght,  1 mil 

0.7 

0.7 

0.7 

Angle  of  Skid,  4 mils 

0.0 

0.0 

0.0 

Roll  Angle,  1 degree 

0.2 

0.4 

0.5 

Angular  Rate,  1/4  mll/sec 

0.4 

0.9 

1.2 

HUD,  1 mil 

1.0 

1.0 

1.0 

Pilot's  Aim,  3 mils 

3.0 

3.0 

3.0 

Table  4.  Sample  System  Accuracy.  These  errors  all  optimistic  values. 
Second  order  terms  not  Included.  Since  these  errors  are 
part  bias  and  part  random  they  must  be  combined  accordingly. 
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TRAINAIU.K  Oi;N-Al'TOrRACKKR  DIRECT  COUPLED  SYSTEM 


CONDITIONS  1400  Knots  4 -«• 

10“/ 3000  Ft 

25“/6000  Ft 

45“/7500  Ft 

Error  Source  4 

Elevation 

Cun  Bi>reslght,  1 mil 

0.7 

0.7 

0.7 

Angle  of  Attack,  8 mils 

0.3 

0.3 

0.3 

Slant  Range,  30  feet 

0.1 

0.1 

0.1 

Pitch  Angle,  1 degree 

0.0 

0.2 

0.2 

Density,  100  ft  p.  altitude 

0.0 

0.0 

0.1 

True  Airspeed,  3 knots 

0.0 

0.3 

0.4 

Nuzzle  Velocity,  25  fps 

0.2 

0.6 

0.6 

Drag  Variation,  2 percent 

0.0 

0.2 

0.3 

Range  Rate,  30  fps 

0.3 

0.8 

1.2 

Angular  Rate,  1/4  mll/sec 

0.4 

0.9 

1.2 

Pilot  Aim,  0.3  mil 

0.3 

0.3 

0.3 

Servo,  0.5  mil 

0.5 

0.5 

0.5 

Azimuth 

Gun  Bores Ight,  1 mil 

0.7 

0.7 

0.7 

Angle  of  Skid,  4 mils 

0.0 

0.0 

0.0 

Roll  Angle,  1 degree 

0.2 

0.4 

0.5 

Angular  Rate,  1/4  mil/sec 

0.4 

0.9 

1.2 

Pilot's  Aim,  0.3  mil 

0.3 

0.3 

0.3 

Servo,  0.5  mil 

0.5 

0.5 

0.5 

Table  5.  Sample  System  Accuracy.  These  error  values  arc  not 
necessarily  representative,  instead  they  represent  a 
goal  such  as  to  approach  the  desired  system  results. 
Computer,  Interface,  etc.  errors  must  be  similarly 
small.  (Second  order  terms  not  included.) 
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EXPLORATORY  DEVELOPMENT  SYSTEM  COMMENTS 


The  gouerali^cil  system  shoun  in  Figure  A with  a trainable*  gun 
directed  directly  by  an  uxitotracker  Is  the  only  apparent  concept  which 
could  approach  the  desired  accuracy  in  u fire  control. 

The  initial  tracker  lock-on  technique  coulu  be  similar  to  those  used 
with  the  A-4M  I\vT>S  (ARBS)  fire  control.  For  example,  a roll  in  towards 
the  target  and  using  the  HUD  (boreslghted  to  the  tracker  axis)  lock  on 
to  the  target  or  nearby;  then  using  the  hand  controller  and  viewing  tl»e 
TV  monitor  change  the  lock  on  point  to  the  desired  location.** 

After  lock  on  the  computed  lead  angle  is  inserted  between  the  tracker 
axis  and  the  effective  gun  axis  by  servo  control  of  the  trainable  gun. 
Then  the  pilot  ruy  fire  at  will. 

Accuracy  is  the  primary  problem  In  this  fire  control  design.  Thus 
as  seen  In  tlie  eiTor  sensitivities  sections,  all  sensors  must  be  chosen 
or  designed  with  this  a prime  concern.  Boreslght,  particularly  between 
the  autotrackcr  and  gun,  must  be  insured  at  all  times.  This  will  require 
special  automatic  or  semi-automatic  optical  techniques  designed  into  the 
equipment . 

Self  test  and  service  test  equipment  must  be  a basic  part  of  the  de- 
sign from  the  start  of  development  if  service  use  is  to  approach  test 
results. 

Cun-projectile  ballistics  must  be  known  very  accurately  and  the  pro- 
jectile must  have  low  drag  characteristics.  Service  use  muzzle  velocity 
variations  will  likely  represent  a major  error  source. 


An  alternate  system  is  one  using  a fixed  gvin  (again,  directly  coupled  to 
the  tracker)  which  is  fired  in  like  manner  as  bombs  are  dropped  in  automa- 
tic release  from  A-4M  UVDS  (ARBS)  or  the  A-7E.  The  firing  is  automatic 
(if  allowed  by  pilot  trigger  depression)  based  on  elevation  lead.  Azi- 
muth lead  is  presented  on  the  HUD  as  an  error  signal  which  is  nulled. 

If  the  target  is  being  tracked  (by  the  autotracker)  this  scheme  elimi- 
nates the  HUD  errors  (position  & boreslght)  and  allows  the  pilot  to  con- 
centrate on  azimuth  steering.  This  approach  vx^uld  avoid  the  complexity 
of  a trainable  gun  at  the  expense  of  some  loss  of  azimuth  accuracy. 

The  CCIP  symbol  can  be  displayed  for  alternate  use.  Its  vise  gives  the 
advantage  of  tracking  one  point  and  shooting  at  a nearby  target  (no 
target  motion  correction). 

*lf  a laser  spot  tracker  (l.ST)  is  used  the  pilot  would  not  adjust  lock 
point  unless  he  wished  to  switch  to  TV  mode. 
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APPENDIX  A 

TRAJECTORY  DATA  USED  IN  ERROR  ANALYSIS 


Trajectories  vere  computed  on  a HP  9100A/9101A  calculator  based  on 
drag  data  of  the  20mm  M56  round  and  a multiplicative  factor  0.4.  This 
factor  was  determined  by  fitting  trajectories  to  table  values  for  ground 
firing  for  the  Rifle,  lObmm,  MAO,  firing  cartridge,  HEP-T,  M346.  This 
method  was  used  because  it  was  available  immediately,  and  was  suffi- 
ciently accurate  for  error  analysis  use.  Table  A-1  compares  one  case 
computed  this  way  and  by  more  precise  methods  used  for  Appendix  B. 

Table  A-2  gives  the  trajectory  data  used  in  the  error  analysis. 


METHOD 

R 

V 

5 

v 

X 

t. 

m 

a 

g 

f 

HP  9100A 

7575 

1650 

45 

400 

27.4 

4.88 

1108 

7575 

1650 

45 

400 

27.2 

4.83 

I 

i : 

Table  A-1.  Comparison  of  Appendix  A and  Appendix  B data. 

The  derivatives  used  in  error  sensitivities  j 

vary  less  than  the  angle  and  time  of  flight. 
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I'RAJKCTC'KY  OATA 


V ifps) 

a 

.Hdeg> 

K 1 1 1 1 

\ fmlU' 

t j-  tsecl 

m 1 ps ) 

»ij  Ifpsl 

675 

10 

3,000 



10.91 

1.521 

1,682 

42.1 

675 

10 

2,vS00 

10.02 

1.404 

1,720 

39.2 

675 

12 

3,000 

10.83 

1 . 520 

1,683 

41.8 

700 

10 

3,000 

10.  n7 

1 . 504 

1,703 

41 . 6 

675 

25 

6,000 

25.47 

3.599 

\ 

78.6 

675 

25 

5,800 

24 . 2 1 

3.438 

1,250 

75.8 

675 

27 

n,000 

24.99 

3.596 

1 ,225 

77.3 

700 

25 

6,000 

24.89 

3.557 

1,237 

77.8 

075 

45 

7,500 

27. no) 

4 . 866 

1,062 

77.7 

675 

45 

7.J00 

26.41 

4 . 681 

1 , 084 

75.4 

675 

47 

7,500 

26.56 

4.861 

1 ,065 

74.9 

700 

45 

7,500 

26.97 

4.809 

1,076 

76.8 

675* 

10 

3,000 

10.77 

1.507 

1,716 

41.9 

675* 

25 

3,000 

9.85 

1.502 

1,726 

38 . 6 

675* 

25 

6,000 

24.71 

3.524 

1,270 

78.4 

675* 

45 

7,500 

26.54 

4.736 

1,118 

76.9 

675 

0 

3,000 

11.13 

1 . 524 

1,675 

42.7 

675 

0 

6 , 000 

28.91 

3.652 

1,181 

88.2 

Table  A-2.  C and  n avo  voloi'lty  compononts  alon.;  and  per- 
pendicular to  the  Initial  projectile  velocity. 

The  mutrle  velocity  was  used  as  1,625  feet  per 
second. * These  computed  for  an  air  density  change 
of  2,000  feet  in  pressure  altitude  or  a O.07  per- 
cent drajt  decrease. 
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APPENDIX  B 

TRiUECTORY  DATA  FOR  REFERENCE 

This  data  was  comviiled  by  John  Peterson,  Ms'C,  Code  5115.  It  repre- 
sents more  precise  data  than  that  of  Appendix  A.  It  is  included  here  for 
later  convenience.  The  round  is  the  106mm  M346A1. 
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TIHE 

X 

DlST 

V 

OH 

CHA 

ENG 

theta 

Z 

DRAG 

YAW 

HACH 

SPIN 

S6 

TEMP 


legeno 

TIME  0^  rtlGHT,  seconds 

horizontal  range,  feet 
slant  Range,  feet 
velocity,  FeET/SEcOND 

GRAVITY  DROP,  FEET 

STATIC  MOmEnT  COEFFICIENT 

ENERGY*  FoOT-POUNoS 

IMPACT  angle,  degrees 

altitude.  Feet 
DRAG,  Pounds 

YAW  OF  REPOSE,  DEGREES 

MACH  nUmOER 

revoluTions/secono 

GYROSCOPIC  stability  FACTqR  (disregard) 
surface  (hsli  Temperature 

DIVE  angle,  DEGREES 
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Ballistic  oata 


Projectile  diameter 


106.00  MILLlMETfR 


projectile  length 


3.8  calibers 


projectile  weight 


17.35  PoUNqS 


axial  moment  of  inertia 


• .0091800  pound-inch  S'}. 


Transverse  moment  of  inertia 


.067S000  pound-inch  S^. 


axial  radius  of  gyration 


.37B209I  calibers 


Transverse  radius  of  gyration 


1.0175775  calibers 


center  Of  gravity,  from  base 


1.502  inches 


MUZZLE  Velocity 


1650.0  FEET/SeCOnO 


Barrel  twist 


19.86000  CALIPERS/TU,<N 


rifling  exit  angle 


7 DEGREES  3 mInUTeS 


yaw-oRag  coefficient,  per  radian  squared 


5.8 


Roll  damping  moment  coefficient,  peR  rao/sec 


-,oiuo 
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oRag  coefficient  and  static  moment  coefficient  TaOLE 


HACh 

COO 

hach 

cma 

• lo 

.232 

.10 

2.970 

.60 

. I7N 

.90 

3.  lUO 

I .2S 

.609 

.97 

3.190 

I. '♦5 

.609 

1 .00 

3.110 

1.60 

.591 

1.20 

2.850 

1.7s 

.573 

1 .50 

2.590 

2.05 

.532 

1.70 

2.960 

2.10 

. 532 

1.99 

2.290 

2.20 

.532 

2.25 

2.160 

2.30 

.532 

2.50 

2.090 

2. NO 

. 532 

3.00 

1 .890 

2. So 

.532 

3.60 

1.830 
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TRAjEfToPV  TA^LC  MUH^^R  1 
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X 

OIST 

V 

CO 
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z 
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50 
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0. 

n« 
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1 o^ofl 
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2.7a 

• 20 

447. 
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221  3.5 
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2.29 

1320497. 

!()•  14 
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295.316 
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2.84 

• 30 
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673. 

2l 60,7 

,547 

2.3  2 
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IP^ZH 
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205, 126 
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2.92 

• 40 
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>•35 
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10^33 
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3 .on 
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1077, 

1 095, 

2060,4 

.560 

2,37 

1144040. 

>0^M  1 

306. 

265.774 

.0406 

1 .85 

1661. 

3.09 

• 60 

1 277, 

1298, 

2012,8 

• 566 

2.40 

1091832, 

lo^so 

269. 

256,604 

.0429 

1 .SI 

1655. 

3.18 

• 70 

1473. 

1 497  • 

1966.4 

.571 

2.42 

1042593, 

10»57 

233. 

247,780 

.0453 

1.76 

1 650. 

3 . 27 

• 80 

1664. 

1692, 

1922,6 

,576 

2.45 

99A  1 38  . 

I0^6V 

197. 
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1 .72 

1644  . 

3.36 

• 90 

I8SI  . 

1882, 

1 479,8 

.58  1 

2,47 

952329, 

I0»78 

I6l  . 

230,^72 

.0504 

1 .69 

1 639, 

3.44, 

1 •no 

2034. 

2068  • 

I?3«.6 

.585 

2*49 

9 1 1 nnp , 

10«8A 

127. 

222.608 

.0531 

1 .65 

1634. 

3.55 

1 • 10 

2212. 

2250. 

1795.8 

,590 

2.52 

877014, 

l0^9A 

92. 

218.885 

.0559 

1 .61 

1629. 

3.65 

24 


TN  A070-S1-7A 
NOVFitBh.K  1974 
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T(»#jrfTA»fr  num»<fr  ? 
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TPAJECToRY  TA"l.E  nUMUFR  J 


ALt  1 TUHE : 

3000  ,r» 

FFrT 

OF : - 

30.0  0E5RFF5 

vttoctry : 

900,0 

KTaS 

TCOP! 

59,0  OEG  r 

TjMr 

X 

o|ST 

V 

ro 

rH  A 

fUr. 

ThFT  A 

7 

09  AC, 

V A,V 

macm 

5P1N 

5 5 

• nn 

n. 

n , 

232'V.4 

.552 

7.73 

1 9 5 3 S A B , 

.3n»nn 

3000. 

29S  .7  I 9 

.0299 

2.11 

1 AV2, 

2,9? 

• in 

1 99  , 

230^ 

2277.7 

.532 

2.2b 

1 3'»377M  , 

.30»07 

70«i»  . 

2P3,277 

,0309 

2.0A 

14  54. 

2.90 

• ?o 

399. 

9ft*>  • 

2273.9 

.537 

2.25 

1337912. 

>3n»  1 M 

7772. 

279.914 

.0329 

2.02 

1450. 

3,04 

• 30 

%«9  . 

A7^« 

2^7^.A 

,593 

2.30 

1 775795 . 

•30*2I 

7AA2. 

2AA»*.n' 

.0390 

1 .’7 

1475. 

3,1  3 

• <tn 

770. 

«90  , 

2 1 7®  *0 

,599 

2.33 

1 ?71bb9. 

-30»2» 

25*^3, 

2‘'A«927 

.035a 

1 .93 

14A9, 

3,20 

•50 

9S2. 

noi  • 

2n93»A 

.555 

2.35 

1 170051  , 

■3n*3A 

2997  , 

251 .9SA 

,0373 

1 .fi9 

1 4A9, 

3.29 

• AO 

1129. 

I 307* 

2o39.4 

• 5A0 

2.37 

1121139, 

2392. 

299.179 

.039  1 

1 .55 

1455. 

3,35 

• 70 

1 303. 

IS09. 

1994.9 

.54A 

2.90 

I07I4A95. 

On^52 

2290, 

237. OA*. 

,0909 

1 .51 

1453. 

3, **3 

• BO 

' 1973. 

1704^ 

1955. S 

.571 

7,92 

1030544, 

2190, 

230,197 

,0929 

f .77 

• 499, 

3,5» 

• «n 

1 A4|0, 

1 9on« 

1 9 1 . 3 

.57b 

2.99 

990  455  . 

■3n^ aa 

2091  . 

223.342 

,0999 

1.73 

1 493, 

3,59 

1*00 

|B03. 

2099. 

1 A7a.9 

• 550 

2.9A 

9BAA49 • 

•Sn • 7 A 

1 999, 

?l 4»49" 

.0970 

1 .70 

1 439, 

3.49 

1 *10 

1 ♦a3« 

227^. 

1 A 3 9 • 7 

.559 

7,99 

911  lOf’, 

■3n^B% 

1999, 

210.140 

,0992 

1 .AA 

1 433. 

3.7  4 

NOVEMBER  1974 


TRAJECTORY'  TAuLE  mUmbeR  5 lCON»T) 


ALtITUoE! 

3000. P 

feet 

oe: 

-30.0  0E5RE55 

velocity; 

900.0 

KTaS 

TEHP 

; 50,0  OEG  F 

time 

X 

PfST 

V 

CO 

CMA 

FNr, 

Theta 

2 

ORAG 

Y A**.' 

M»CM 

5P1N 

SG 

1 *20 

2119. 

2957. 

1902*1 

• 588 

?.5I 

875239. 

-3n.9*« 

|7«1S. 

203*999 

.0519 

1.43 

1428. 

3.85 

I *30 

2272. 

2434* 

1744.7 

.592 

2.53 

891174, 

-31*02 

1449. 

197.750 

.0537 

1 .59 

1429. 

3.95 

I **<0 

2922. 

2811. 

1732.9 

.599 

2.55 

808827. 

-3|  • 1 1 

|B73. 

I91 .584 

.0542 

1 .54 

1410. 

9.02 

1 «S0 

2!^4e* 

2982* 

1490.2 

.597 

2.57 

778 1 35. 

-3| *21 

I99S* 

1 95.443 

.0587 

1 .53 

U15. 

9.17 

1 •AO 

2712. 

315P. 

U47. 1 

.400 

2.59 

799000, 

-3| *30 

1397. 

1 79.080 

.0413 

1 .50 

1410. 

9.21 

1 *70 

2493. 

3314. 

1434*0 

.402 

2.41 

771329. 

-3| *90 

1311. 

179.525 

*04  38 

1 .97 

1404. 

9.30 

t *110 

2992, 

3978. 

1405*0 

.409 

2.49 

495039, 

-3|  *<19 

1227. 

149.159 

.0449 

1.95 

1402. 

9,38 

1 *90 

3127. 

3437. 

1574*8 

• 409 

2.44 

470059 , 

-3| *59 

1 199. 

143.519 

.0491 

1.92 

1598. 

9.97 

2*00 

3240. 

3793. 

1598.7 

.409 

2.48 

494385 , 

-3l .49 

1042. 

158.153 

.0719 

1.39 

1599. 

9.54 

2*10 

3391  . 

3997. 

1521*4 

.409 

2.70 

423939, 

-S| *79 

9RI  . 

153.054 

.0798 

1.37 

1590. 

9.45 

7*20 

3S19. 

9097. 

1995, 9 

.409 

7.72 

402439, 

-3| *90 

901  , 

199.207 

.0777 

1.35 

1584. 

9.79 

2*30 

3495* 

9294* 

1970. n 

• 409 

2.79 

582397, 

-3?*00 

823* 

193*590 

• 0807 

1 .32 

1582. 

9.8n 

30 


TN  «070-Sl-74 
NOV^>^BKR  1974 


T9» JECT09V 

taaLF  MUnnrR 

3 lcnN»T» 

altItuoc: 

3nOo*f! 

rrrT 

9FJ  - 

30*0  0f8R»:rs 

vfloc irr : 

900*n 

STaS 

TFMPl 

89,0  rcr,  r 

TjMp 

X 

0 1st 

V 

ro 

C**A 

FNr, 

Theta 

7 

OR  AG 

Y A'- 

HAfM 

8P1N 

SP 

37*8  . 

9391  * 

I99S.A 

.*09 

7*7* 

8*  ' 1 89 . 

37*11 

79S. 

139*191 

.nrt3  7 

1*30 

1878. 

9,9^ 

?*sn 

3890. 

9S38* 

1 97 1 *9 

,*09 

7*78 

89U887 , 

37*77 

* A 9 # 

139*997 

,0AA9 

1 .78 

18711, 

8.03 

7*<.n 

9009, 

9A7A* 

1 399.0 

,*09 

9.80 

577933, 

37*33 

S99, 

1 30*99A 

*0901 

1.7* 

1871  . 

8,17 

7*70 

9 1 ?A  • 

9«li»* 

137A*8 

.895 

■».87 

810853, 

37**»m 

S|9. 

1 7S*2R7 

,0939 

1*79 

18*9, 

8.77 

7*80 

9791  , 

99S1  * 

1 38S.  A 

*887 

7*89 

998788, 

37*S* 

9<«*. 

1 |9* 1 79 

,n9A7 

1*72 

l«A9, 

8,3? 

7«9P 

9315* 

S08A  * 

I338*A 

*870 

7*8S 

980773, 

37**7 

373, 

1 1 3*979 

,09*9 

1*70 

18*0, 

5,91 

3*  on 

99AA. 

S7|  8* 

l3l  A*A 

*8S9 

7*87 

9A71 33, 

37*79 

307* 

in8*29n 

,1079 

1*18 

1887* 

5.99 

3»  10 

9%7** 

%399* 

1?98*S 

*898 

7*90 

989399, 

37*91 

731  * 

103*S0A 

* 1 nS9 

1*1* 

18S9. 

5,8A 

3*70 

9*89, 

5978  * 

1781*3 

,837 

7*97 

997993, 

33*03 

1 Al  * 

99,aA«. 

,1089 

1*15 

1881  , 

8 ,*9 

3*3n 

9791  • 

saos  * 

17A9,9 

,«;77 

7*99 

931 19S, 

3 3 * 1 S 

•1  * 

99,989 

*1117 

1*13 

1897* 

5.7| 

3*90 

989A  , 

8731  * 

1 799,3 

.818 

7*98 

99089* , 

33*77 

77* 

9| *18A 

*119* 

1*17 

1899, 

5*79 

TlHc.Sfr 

8*Nftr ,FT 

vFl  .rP«; 

TliF  T * 

8P  !*• 

SG 

3*93 

8771 .7 

i339,3 

• 33*9 

1891  , 

8*78 

31 
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TAAJECTpOY  table 

MtiMnr  9 

a 

*Lt  iTnr>f : 

SSOO.'!' 

rrrT 

oc ; 

-95. p nE6RFP5 

velocity; 

mo^n 

•CT  aS 

temp 

: 59.0 

3EG  r 

T;Mr 

t 

nisT 

V 

CP 

cma 

rNp 

TmET» 

2 

nwAG 

Y A'M 

M»CM 

5P|N 

55 

• on 

0. 

r • 

2325.6 

.532 

7.22 

1957569, 

-•♦S  .00 

sspn , 

772. S2I 

.076  1 

2.13 

1 A9?. 

3,1* 

• in 

1 

73n» 

2?7e  . 9 

.532 

7.79 

1398959, 

-'•s«n6 

S337  . 

7A?.9?o 

.OYYj 

2.09 

1 A87, 

3.29 

*?n 

3?2^ 

‘•SA  • 

2232*9 

.533 

7.76 

1393631 . 

-VS'I  1 

SI77, 

2S‘*.2ir> 

.n2P‘* 

2.05 

1681  • 

3,30 

• 3n 

MTB  , 

677  • 

2 1 8 A *9 

.539 

7.28 

1291273, 

S02I  . 

2‘IB^IS‘> 

• 0296 

2.00 

1 A76. 

3,37 

• *)n 

631  • 

89*t  • 

2l‘IA*  1 

.R99 

7.31 

1291276. 

1 

• 

M 6 A 7 • 

2*«7.1AA 

• 0308 

1 .96 

1671  . 

3.97 

• so 

7An, 

1 lOA. 

2iO*»*3 

.599 

7.33 

1 19339A, 

S716^ 

23A^3nn 

• 032| 

1 .92 

1 A 6 6 • 

3.50 

• 60 

*77* 

\i\^* 

2063*6 

.55S 

7.35 

1 197697, 

SSAA. 

230.513 

• OSS*! 

1 .89 

1 A61  • 

3.56 

• 70 

lOTO^ 

IS19^ 

2029  *0 

.560 

7.37 

1 109075, 

**22* 

??•• . A30 

• 0398 

1 .as 

1 ASA. 

3.63 

• AO 

1 21  1 • 

1 7t9. 

1 98<;  • H 

.565 

7.39 

1067307 , 

M2T9. 

219.257 

• 0362 

1 .81 

IASI. 

3.70 

• «n 

1 3*49, 

191  A. 

lAitY  *8 

.570 

7.92 

1072953. 

-Is.ss 

‘•139. 

213.797 

.0377 

1 .78 

1 A96. 

3.77 

1 *00 

1 '••H, 

2in9^ 

1911*2 

.579 

7.99 

999381, 

-"S.A? 

hopi  , 

JO*  • 39K 

• 0392 

1.79 

1 697. 

3. 9 5 

i^in 

I^U^ 

229«^ 

1675*6 

• 57a 

7.95 

99902 1 . 

•'•S»6* 

39A6. 

20?^98P 

• O'iOa 

1 *71 

1637, 

3.97 

•l!.  . . 
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TRAjECTORV  table  NUmbfR  h (CnN*TI 


ALTtTOnt • 

SR0n,n 

t-pet 

oe:  - 

05.0  nr'tRrr^ 

vei.ocity; 

900.0 

KT  »S 

TEMP! 

59.0 

OEG  r 

TfMr 

X 

oI  ST 

V 

fO 

rMA 

r'tr. 

Theta 

7. 

0RA6 

T A'V 

MATH 

5P1N 

5 5 

1 *70 

1 7ma  ♦ 

?90<<  . 

1090,9 

.50? 

?«  90 

91  3320, 

T7T3. 

197.710 

,O0?5 

1 . A 0 

1 A33, 

9,  On 

1 on 

t 073  . 

2AA7  . 

1007.? 

,50A 

7.50 

000  1 9A  , 

•••R«R7 

3An2, 

192.5.0A 

.n««9j 

1 .50 

1*20. 

0,09 

1 *MQ 

1990, 

2000. 

1779. R 

.590 

7.52 

00057  1 , 

-•*s«9n 

3R7R. 

1 09,600 

.0959 

1 . A 1 

IA29, 

0.15 

1 *50 

*170. 

3021  • 

1 70?. A 

,593 

7.59 

01  037*»  , 

33*»7, 

10?.*iAl 

,097? 

1 ,50 

1 A2n, 

0.29 

1 on 

*790, 

3 19«  . 

1 7 1 1 .A 

.595 

7.55 

7095A**  , 

3773. 

I79.A0R 

.0996 

1 .5A 

1 A15. 

0.3? 

1 *70 

73R0. 

33A9  . 

IA0|  .A 

,590 

7.57 

7A7O09, 

3101  , 

177.001 

.0515 

1 .53 

lAl  1 • 

0 , 0n 

1 *00 

*973, 

3R30. 

I A5?.9 

.AOO 

7.59 

735070 . 

-••0«2O 

7900, 

1 A0. 1A1 

.0535 

1 .50 

1 A07, 

0.09 

1 t9n 

7S06, 

3a«0  • 

1 A?0  • 1 

.AOK 

7.A1 

7 1 0057  , 

-•*007 

2007, 

1 A 3 . A n A 

.0*^59 

1.07 

. 1A03. 

0.5a 

*•00 

7A9B, 

30RR. 

I59A.A 

.AO0 

7.A0 

A0A971 . 

-ra.sr 

*79A, 

1R9.2A1 

.05711 

1 .05 

1599, 

0.A9 

*•10 

7007, 

0019. 

I5A9.9 

, AO0 

7.AA 

A A 9 1 7 3 , 

-Rf •RS 

7A3I  • 

159. S0B 

.0500 

1.07 

1595, 

0.77 

*•*0 

7910. 

01A9. 

1509.0 

. aOR 

7.A0 

A0?97 1 . 

-Ra»S1 

7SI0. 

150, 03R 

.0aI5 

I .00 

1592, 

0 . 0n 

?^3n 

1019, 

03??. 

1519.0 

. <kO0 

9.90 

A?  1 or'' . 

-•••.  *60 

7007  , 

1 05.7?« 

.0a3a 

1.38 

1500, 

0,09 

33 


F 


1 


TN  4070-S1-74 
NOVKMBKR  1974 


TRAjr.rTORV  Tinur  MUt-nrR  H JCONfTI 


ALt  1 TOrsF  : 

5.;nn»o 

rrrT 

or;  - 

95.0  OFOOrrc 

vf 1 OCI T Y ; 

9M0.O 

ktaS 

TfHP; 

59,0 

OEG  F 

Ti‘'F 

X 

0 1ST 

V 

CO 

cma 

FHr, 

TnCTA 

7 

o9A<i 

YA- 

M*CM 

SPIN 

56 

? * HO 

3 1 > Y . 

997  3. 

1999,7 

, A09 

7.7? 

607097 , 

22«7  . 

1 9 1 ,An3 

,0A5a 

1.35 

1509. 

9 ,9t 

?*sn 

37?1. 

9 A ? 1 • 

1 97  J 

.AOS 

7.79 

59  3 305  . 

••A.77 

7170. 

1 37.659 

.''AO  1 

1 .33 

1581  , 

5.05 

?•  AO 

337^^ . 

9767. 

1 99»  ,9 

,A09 

7.76 

5 A 9 3 7 1 . 

•*A««5 

?0«3. 

133.30? 

.0703 

1.31 

1S77. 

5.19 

?»7n 

>••73. 

9911. 

1 9 ? A , 3 

, A09 

7.77 

593299, 

*•♦•9** 

I77a  . 

13''.7A3. 

,0777 

1.29 

1579, 

5.77 

?*an 

3519, 

5053. 

1909,0 

.An9 

7,79 

53 1 POO, 

••7  *03 

l«75. 

124.799 

,0750 

1.77 

1570, 

5.31 

34  I •». 

5 1 9 ? . 

1 309,0 

.A09 

7.0  1 

51  A235, 

••7.17 

1773. 

173.917 

,0779 

1.75 

1567. 

5 • 9n 

s»00 

37nB, 

5329. 

1 3A3 ,0 

.591 

7.02 

501 27A,  < 

••7.21 

1672. 

1 17.755 

.0799 

1 .23 

1563. 

5.99 

3.10 

3500. 

5965  . 

1 3^*9 .7 

.500 

7.09 

937230, 

*•7.10 

1572. 

117.593 

.0373 

1.71 

1560, 

5.57 

3.20 

3090, 

559A  , 

1 37a. 9 

.OAO 

7.36 

979159, 

••7.*»0 

1H79, 

107,737 

.0097 

1.70 

1957. 

5.65 

3*30 

3979, 

573^» 

1 309. 1 

.550 

7.00 

9A1333. 

••7«H» 

1 377  , 

103.20? 

.OAAO 

1 • 1> 

1559, 

5,77 

3«^in 

aOA7  , 

50AO, 

1292.5 

.597 

^ 7.90 

950233, 

••7.S7 

1 ?•*  1 . 

99,157 

• O390 

1 .14 

1951  , 

5,79 

3»5P 

••159, 

5909  • 

127a. 7 

.5311 

7.9? 

939793, 

••7.Aa 

1 •'•A, 

95.315 

.091  1 

1.15 

1997. 

5,99 

a 
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TPiJfTfTOR''  TinLt  NIlMnrR  ••  «CON»T1 


«Lt  t Ti'nr ! 

8800*^ 

rm 

or; 

-98,0  orr.Rrr8 

velocity: 

900,0 

If  T aS 

Trur 

: 89,0  OEG  F 

TfMf 

Y 

o 1 ST 

V 

cr> 

rM» 

F»:r. 

thEt* 

Z 

ORAG 

Y*A 

'nrH 

8PIN 

SP 

3»<.0 

9?39. 

6 11  e * 

1261*6 

.828 

7.93 

97»973. 

-H7»7R 

1 092, 

91*791 

.0932 

1 . 18 

18  9 9, 

8*9| 

3 *70 

9 3 7 3, 

6 2 91  * 

1797*7 

.870 

7*98 

9 1 9709  , 

-*•7 .8B 

999  , 

8 n * 90"’ 

.n'>82 

1.12 

1891  , 

5*97 

3*80 

990!.* 

6368* 

1233*9 

.81  1 

7*97 

900963, 

-••7,98 

907* 

88*289 

*0973 

1.11 

1839, 

6,07 

3 *90 

99*8* 

6987  * 

1 ?2o*  1 

*803 

7 ,9B 

901194, 

-Rp.O" 

9 18* 

87.370 

*099? 

1 * lU 

1836, 

6,00 

9 too 

98^9* 

6609  * 

I 707  * 9 

*99S 

3*00 

39786"* 

-98.18 

726* 

79.63? 

* lol2 

1 .09 

1833* 

6 * I 9 

9t  10 

9699  • 

6729  * 

1198*2 

*987 

3*0  1 

389953 . 

-98*29 

636* 

77*089 

* 1031 

1 *oz 

1830* 

6*70 

9.20 

97?8, 

689t* 

1 1 "3*9 

• 480 

9*03 

377919, 

-98.39 

597* 

79*639 

* io8n 

1 *06 

1827, 

6,78 

9*30 

98n6  , 

6968  * 

1 17?*  1 

,«iT3 

7*09 

370290, 

-98.89 

9S9* 

77*389 

* I06f 

1.05 

|829, 

6.30 

9t9r 

9899* 

7087* 

1181*2 

*967 

3*06 

363397 , 

-98. S9 

3T2* 

70*207 

* f 087 

1 .09 

1827* 

6,38 

9*50 

9*60  * 

7 197* 

1 180*7 

* 9 6U 

3*07 

386859. 

-98t70 

285* 

68.178 

*1108 

1 .03 

1819. 

6,90 

9*80 

8076  * 

731  ?• 

1 1 9»*6 

*989 

7*08 

380606 , 

-98*81 

|99, 

66*283 

* 1 1 Z3 

1 *02 

1816* 

6,9^ 

9*70 

8 1 |(  * 

7<l  78  * 

1 1 3 O * A 

.4  98 

7,09 

39462", 

-98*91 

1 13. 

6*.*933 

*1180 

1 *01 

1819* 

6,99 

35 
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I 


tra  jfctor^' 

TaaLE 

M (CnN*T) 

aLt  1 TL»nE ; 

5500. P 
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APPENDIX  C 

SELECTED  WIND  DATA,  NWC  AllBS  FLIGHT  TESTS 


Table  1 gives  wind  data  taken  before  an  ARBS  bomb  drop  flight  test. 
Table  2 gives  wind  data  before  and  after  particular  flights  (of  approx- 
imately 1-hour  duration).  Note  the  variation  in  both  magnitude  and 
direction.  The  rangewind  is  approximately  North-South.  Tliis  data  is  a 
small  sample  of  summer  afternoon  NTi’C  weather  conditions.  Good  bombing 
results  were  obtained  in  these  conditions  with  N'NC's  ARBS. 


TABLE  1.  Wind  Components  (ft/sec)  as  a Function  of  Altitude. 


Date 

6-9- 

•71 

6-::’ 

-71 

6-24 

-71 

6-25 

-71 

6-28 

-71 

6-2S 

-71 

AGL 

a; 

RW 

a7 

RW 

CT 

RW 

CW 

RW 

OV 

RW 

CW 

RW 

500 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

-15 

10 

1,000 

-0 

24 

5 

20 

37 

-5 

40 

15 

0 

10 

-12 

8 

2,000 

-5 

16 

2 

23 

30 

5 

34 

11 

2 

3 

-2 

-24 

3,000 

-7 

20 

0 

20 

40 

-12 

20 

-5 

5 

5 

-7 

-20 

4,000 

-7 

15 

17 

22 

40 

-12 

35 

-30 

4 

8 

-19 

-20 

5,000 

-5 

20 

17 

22 

30 

-10 

35 

-22 

0 

0 

-28 

-20 

6,000 

-5 

7 

NA 

NA 

25 

-10  ■ 

40 

-13 

-8 

5 

-29 

-21 

Ground  level  altitude 

CW 

Crosswind 

approximately  2,200  ft  MSL. 

RW 

Rangewind 

NA 

Not  available 
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TABLK  2.  Wind  CoinpuMciit.i  (ft/$cr)  Iloforc  and  AfliT  an  AKBS 
Teal  Fli;;lil  (nominally  12  bomb  drops  por  flij^hl). 


Date 

6-10- 

71 

1 

71 

Vind 

RW 

CW 

RW 

AGL 

B 

A 

D 

A 

B 

. 1 
A 

B 

A 

1,000 

-7 

NA 

7 

NA 

0 

5 

0 

5 

2,000 

-5 

6 

7 

5 

5 

-3 

-25 

10 

3,000 

-15 

0 

20 

9 

-5 

-6 

-20 

-A 

4,000 

-3 

4 

10 

5 

-15 

-5 

-10 

0 

5,000 

-12 

-A 

13 

15 

-15 

-8 

0 

-A 

6,000 

-15 

-5 

10 

16 

-15 

-10 

0 

-5 

Ground  level  altitude 

CW 

Cfossv^ind 

•pproxlmatcly  2,200  ft 

RW 

Range wind 

MSL. 

NA 

Not  available 

B 

Prefliglit  conditions 

A 

Post  flight  conditions 

I 


3 

i 
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